Introduction
Mango (Mangifera indica L) is known as one of the most popular tropical fruit in the world, that are cultivated in tropical and subtropical regions. Every year mangos production are increasing to address consumer demand (Jahurul et al., 2015; Marques, De Freitas, Pimentel, & Pasquini, 2016; Schmilovitch, Mizrach, Hoffman, Egozi, & Fuchs, 2000) . However, after harvesting treatment of mangos in developing countries, i.e. Indonesia face a problem, in which there is a lack of storage caused by limited refrigerator and electricity in the most agricultural area. It was even reported that many farmers had limited financial capability to generate an expensive cooling system (Md. Parvez Islam & Morimoto, 2015) . An alternative to address this problem implies that the zero energy cool chamber (ZECC) is implementable as in its application electricity is not required, eco-friendly and low cost(M. P. Islam, Morimoto, & Hatou, 2012 Md. Parvez Islam & Morimoto, 2014; Singh, Singh, Joshi, Bagle, & More, 2010; Vala, Saiyed, & Joshi, 2014) . ZECC can be defined as a simple structure cooling system for vegetables and fruits storage consists of outer and inner brick walls with a filler material in between, half-ground storage space as well as a water supply system which require no electric energy(M. P. Islam et al., 2013; Md. Parvez Islam & Morimoto, 2015; Md Parvez Islam & Morimoto, 2012) According to some ZECC studies, ZECC is an effective method for extending fruit and vegetable shelf life. In a study performed by Ganesan et al. (Ganesan, Balasubramanian, & Bhavani, 2004) , the ZECC method was applied to eggplants. The eggplants were stored in ZECC and at room temperature, resulted that with the addition of 100 l of water per day in ZECC method the shelf life enhancement reached up to 9 days. Other studies focusing on ZECC in banana (Narayana, Mustafa, & Sathiamoorthy, 2002) , lemon (Prabha, H.R, A.K, & Ranjana, 2006) , aonla fruit (Dhumal & Karale, 2008; Singh et al., 2010) , tomato(M. P. Islam et al., , 2013 Md Parvez Islam & Morimoto, 2012) , grapes (Murugan, Ranjith, & Vidhya, 2011) , potato (Rayaguru, Khan, & Sahoo, 2010) and apples (Sharma et al., 2010) supported that ZECC is recommended to the shelf life extension of mentioned fruits and vegetables.
Our earlier reports suggest that a combined application of ZECC and watering 20 liters per day decreases temperature and increases relative humidity inside ZECC that has potential in maintaining the quality of fruits and vegetables (Dirpan, Sapsal, Muhammad, Tahir, & Rahimuddin, 2017) . However, the research of how the quality and storability of fruits and vegetables stored in the ZECC has not been conducted yet. This study therefore aimed to understand the quality and storability of stored mangoes in ZECC.
Materials and Method

Materials
This research was performed at Food Processing Laboratory, Department Agricultural Technology, Hasanuddin University from March to November 2017. To achieve the research objectives, a ZECC was set up at the residential complex for lecturer of Hasanuddin University. The fruit used for the experiment was ripe mango (Mangifera indica L) collected from nearby farmers' field. Harvesting was done manually. Sending the product to the experiment site was done immediately after harvesting using plastic container. We washed the fruits with tap water to remove field heat soon after sorting for uniform size and undamaged product. One hundred mango fruits with free from fungal infection were selected, labeled and weighed. Finally, all fruits were stored into three different places which are ZECC (average RH=87.2%, temperature=26.2 0 C), ambient (average RH=72.9%, temperature=28 0 C) and refrigerator (average RH=50.9%, temperature=20.0 0 C).
Structure of the ZECC
The design was based on our earlier ZECC construction (Dirpan et al., 2017) . The ZECC's surface can be seen in Figure 1 . 
Storage Container
Three perforated crates is made from fine grade high-density polyethylene capable of handling various types of fruits were used to store mango. Mangos were placed inside the perforated plastic crates and stored inside ZECC, ambient condition and refrigerator for qualitative evaluation.
Quality Evaluation
pH
We measured the pH using a portable digital pH meter (Oakton pH 510, Singapore) through the direct immersion of the electrode in the fruit juice and three replicates of pH samples were taken daily until decay.
Total soluble solids (TSS)
We used a digital refractometer (Hanna HI 96804, India) to measure TSS with a measurement accuracy of Brix ±0.1%, and three replicates of TSS samples were taken daily until decay.
Vitamin C
To measure the vitamin C, we applied AOAC's official titrimetric method (Hernandez, Lobo, & Gonzalez, 2006) . In which, 2ml of the 3% MPA and 8% acetic acid extracts were titrated with indophenol solution (25% DCIP and 21% NaHCO3 in demineralized water) until light, but distinct rose pink color appears and persists for more than 5 seconds. The indophenol solution was standardized daily with AA solution. Three replicates of vitamin C were taken per day until decay.
Total titratable acidity
AOAC titration method with 0.1M NaOH titration was applied to measure titratable acidity content (AOAC, 2005) . Three replicates of total acids were taken per day until decay.
Sensory evaluation
Ten chosen and trained panelist was exploited to test the sensory quality of the mangos. The panelists were asked to evaluate the skin color, taste, aroma and texture of the mangos using a five-point hedonic scale with 1 = very poor; 2 = poor (limit of acceptable); 3 = good; 4 = very good; 5 = excellent.
Physiological loss in weight (PLW)
The stored mangoes were evaluated daily by using an electric balance with the accuration of 0.1 g until decayed. Then, we recorded the physiological loss in weight (PLW) of stored mango periodically. The readings were made at one-day intervals during the experiment period. We then measured PLW by using the following formula:
Physiological loss in weight, % = (x1-x) x 100 X
( 1) where, X1 = Initial weight (g) X = Weight (g) at the end of storage time
Measurement of moisture content
We measured the moisture content using the oven drying method (100 ºC for 24 h). We used 10 g of fruit pulp samples for measurement. Weighing process of all samples was done by using an electric balance with an accuracy of 0.001 g. We presented the wet basis moisture content as a percentage.
Statistical analysis
One-way analysis of variance (ANOVA) applied to analyze the total titratable acidity, Vitamin C and total soluble solids (TSS), while the significant differences among means were determined using Tukey's test with a level of significance of P < 0.05. SPSS software for Windows version 16.0 (SPSS Inc., IL, USA) and Microsoft Excel 2010 was used to analyze the data.
Results and Discussion
Total titratable acidity, Vitamin C and total soluble solids (TSS)
The chemical constituents of the mango fruit obtained at three conditions are reported in Table 1 . The total titratable acidity of mangos decreased during ripening in three different storages, ZECC, ambient condition and refrigerator but the faster decline was observed when mangos were stored under ambient temperature. The relative higher ambient temperature led to higher rate of reduction in the total titratable acidity. Similar observations were reported by Baloch (2011) and (Baloch, Bibi, & Jilani, 2013) . It is known that ZECC reduces respiratory activity, thereby delaying the ripening process and consequently extending fruits shelf life through maintaining higher relative humidity and lower temperature during storage compared to the ambient air conditions (Dirpan et al., 2017; Md Parvez Islam & Morimoto, 2012) . In general, the ripening rate of mangos fruits as indicated by the rise in reducing sugar and fall in acidity was found to be much slower in ZECC when compared with storage at ambient condition. All measurements were performed in triplicate (n=3). All data are expressed as the mean. Means of all parameters followed by different letters are significantly different, as determined by the Tukey test at P < 0.05.
The range of vitamin C content in this study was 23.48 to 78.97mg/100g as can be seen in Table 1 . The concentration of vitamin C at control day was 33.43 to 33.56 mg/100g almost similar to the previous study (Khader, 1990) . There was no significant difference (P < 0.05) in vitamin C content of mangos fruits observed from the interaction treatments at the time of harvest until the first day of storage. Highest value of vitamin C or ascorbic acid (78.97 mg/100g) was found in ZECC treatment at the fifth day of storage, while the lowest value (23.48 mg/100g) was recorded in ZECC treatment fruits at the eleventh and third day storage. In general, vitamin C content of mangos were found at ZECC condition significantly higher compared to the ambient and refrigerator conditions (Table 1 ). This could be because low temperature and high relative humidity retards aging through reduced respiration rate and other undesirable metabolic changes. Zero energy cool chambers along with packaging materials, ventilation and anti-fungal treatments can help in minimizing the ascorbic acid losses in the stored fruits to some extent compared to the storage under ambient conditions (Lal Basediya, Samuel, & Beera, 2013; Prabha et al., 2006; Sharma et al., 2010) .
The total soluble solid content (TSS) of mangos treated with ZECC, ambient and refrigerator was found to range between 11.0 and 18.7 0 Brix (Table 1) . These values are in agreement with the findings of Hoa et.al (2002) who reported that TSS values of 9.0 to 17.5 0 Brix for three varieties of mangos (Hoa, Ducamp, Lebrun, & Baldwin, 2002) . The general trend observed during the storage for total solids content of mango was an initial increase followed by a decrease (Table 1 ). This increase is caused by the degradation of starch in the mango into the simple sugar that increases sugar content of fruit during storage. This is consistent with the statement of Pandarinathan et al., (2010) that increase the sugar content in fruit during the ripening process is correlated with the total value of the SSC. Furthermore, the TSS increased with the advancement of maturity. The values for total soluble solid varied between 11.9 and 18.7 when stored at ZECC, from 11.0 to 14.6 when stored at ambient temperature and from 11.3 to 17.1 during the storage using refrigerator. It is well known that, simple sugars and acids are the respiration substrates. The longer time of fruit respiration the higher rates of sugars and acids consumption (Tefera, Seyoum, & Woldetsadik, 2008) . This may explain the decrease in total soluble solid content in the fruit due to the prolong time of storage.
Physiological loss in weight (PLW) and moisture content
Figure 2(a) displays daily changes in PLW of mangos stored inside ZECC, ambient temperature and refrigerator. In this research, significant differences were found in PLW (in percent) of mangos stored in the ZECC and at ambient temperature (average of 28℃) where the PLW of mangos inside the ZECC were lower than those stored other two applied conditions. The highest weight loss (20.3%) was recorded from mangos stored at ambient temperature on day 8 followed by mangos stored in refrigerator and ZECC on day 11 with PLW 13.0% and 6.2% respectively. To investigate the difference in PLW among the treatments, the relationship between moisture content and PLW was examined. As shown in Figure 2 (a) and (b), while the trend of mango stored in PLW at ambient temperature is high compared to those stored in refrigerator and ZECC, the trend of moisture content stored in PLW is lowest and it is followed by refrigerator and ZECC. This result found in this research was in agreement with a study done by Chien et al. (Chien, Sheu, & Yang, 2007) , in which the moisture content of mango cv. Irwin was investigated; the mango with the higher moisture had lower in PLW and vice versa. These results indicated that the quality of fruits and vegetables was affected by water loss during the storage, which depends on the temperature and relative humidity conditions (Baldwin et al., 1999) . Talcott et al. (Talcott, Moore, Lounds-Singleton, & Percival, 2005) mentioned that in maintaining the quality of most fruits and vegetables the storage under high RH and low temperature is considered as the most efficient method due to its effects on reducing respiration rate, transpiration, ethylene production, ripening, senescence, and rot development 
Sensory evaluation
Figure 3(a) shows the taste of mangos in three different storage conditions. It can be clearly seen that in general there was an increasing trend first and followed by significant decrease. For instance the taste of mangos inside ZECC changes from 2.50 to 3.75 in four days of storage and gradually decreased to 2.80 after 11 days of storage. We suspect that this could be occurred due to acids, pH and sugar/acid ratio fluctuations (Malundo, Baldwin, Moshonas, Baker, & Shewfelt, 1997) . For flavor, it was observed from the result that the trend was almost similar with the taste. For example mangos flavor in ambient storage increased from 2.60 to 3.73 after fourth days of storage and gradually decreased to 2.80 after 8 days of storage ( Figure. 3b ). It could be explained by slower biochemical changes and no conversion of organic compounds into esters, aldehydes, acids, alcohols and ketones take place that contributed significantly to flavor of the mangos (No, Meyers, Prinyawiwatkul, & Xu, 2007) . While, in ambient temperature, decline in flavor score was started after 4 days of storage, and after that the fruits started spoiling. The reason for this might be due to the higher temperature in ambient atmosphere, particularly in daylight. Doreyappa & Huddar (2001) reported that flavor of mangos after ripening showed significantly decreasing trend as the storage period proceeded when stored at 32 to 35°C(Doreyappa Gowda & Huddar, 2001) . It might be caused by fluctuations in acids, pH and sugar/acid ratio (Jitareerat, Paumchai, Kanlayanarat, & Sangchote, 2007; Malundo et al., 1997) In general, figure 3(c) shows the texture of mangos inside ZECC and refrigerator increased at the beginning of storage and then decreased slightly at the end of the storage. On the other hand, texture in ambient increased then decreased significantly. This trend can be explained in the way that the ripening of mango fruits is characterized by loss of firmness due to cell wall digestion by pectin-esterase, polygalacturonase and other enzymes, and this process is increased by the increase in storage temperature (Baloch et al., 2013) . One of the famous quality parameter of mango is skin color. It is famous that consumer eats with their eyes and the major quality characteristic that create attraction towards the fruit is its color. Color scores of mangos in Figure 3 (d) showed a tendency to increase at the beginning of storage and then declined at the end of the storage. The color score of mangos stored in ambient quickly fell after two days storage. However, the color score of mangos inside ZECC and refrigerator remained constant until 8 days of storage and gradually dropped until 11 days of storage. The main suspect was the loss of green color of mango, which was probably due to the physico-chemical changes by degradation of the chlorophyll and increased in carotenoid pigments during storage (Aina, 1990; Rathore, Masud, Sammi, & Soomro, 2007) . This result was consistent with a study done by Doreyappa & Huddar (2001) who reported anincrease of the carotenoids concentration due to a series of physico-chemical changes in green mature mango stored at 18-34 0 C during ripening.
General discussion
The shelf-life and postharvest quality of mango fruits maintain better both in the refrigerator and zero energy cooling chamber with the addition of 20 liters of water per day by lowering the temperature and increasing relative humidity (Dirpan et al., 2017) . The ZECC also give an alternative approach to mechanical refrigerator for prolonging postharvest shelf life and maintain quality of mangos. The ZECC is appropriate for retailers at market place, they can easily construct from locally available materials and extend the shelf life of their mango fruits as well as it protect from mechanical damage as they may face such problem in busy market place. In addition, experiment on different perishable produces on these storages should also be conducted to increase use of the storages.
In general, we found that the change in the quality parameters of mango dependent on postharvest treatments storage. Mango fruits inside ZECC slightly better than mangos stored in ambient and refrigerator in total titratable acidity, vitamin C, PLW and moisture content. On the other hand, mangos stored in refrigerator slightly exhibited better result in maintaining total soluble solids (TSS) rather than mangos inside ZECC and ambient condition. All sensorial analysis revealed that ZECC and refrigerator samples were superior rather than mango in ambient at the end of an eleven-day holding period. Interestingly, although the color of the mango that is stored in ZECC and refrigerator looks the same quality but there is a little mold on the mango stored in ZECC, this is probably due to the high relative humidity in ZECC than the refrigerator. Additionally, ZECC and refrigerator mango fruits exhibited slower decay and lower water loss. These results indicated that maintaining lower temperature and higher relative humidity during storage could maintain mango quality and would reduce physiological weight loss. Therefore, the study gave good indication that for a tropical country like Indonesia low cost, economically feasible technology such as on-farm lowcost storage of ZECC treatment seems to be appropriate.
Conclusion
In this paper, we have presented the quality and storability of mango during zero energy cool chamber (ZECC) storage. Total titratable acidity, vitamin C, total soluble solids, physiological loss in weight (PLW), and moisture content of mangos inside ZECC ranged from 0.113 to 0.412%, 24.98 to 78.97 mg/100g, 11.1 to 18.7 0 Brix, 0.0 to 6.2% and 73.6 to 94.7% respectively. In addition, all sensory evaluation showed that mangos inside ZECC were acceptable until eleven days of storage. Therefore, we concluded that the maintenance of quality and the extension of mango fruit shelf life by ZECC which presented here, reveals that such ZECC can be considered for commercial application during storage and marketing.
